Feeding Pigs on Industrial Type Farms Aimed at Obtaining Large Amounts of Ï‰  -3 Fatty Acids by ROGOZARSKI, Dragan et al.
Feeding Pigs on Industrial Type Farms Aimed at 
Obtaining Large Amounts of ω  -3 Fatty Acids  
Dragan	ROGOŽARSKI*1),	Nataša	PROKIĆ2),	Jovan	BOJKOVSKI2)
1)	Veterinary	Specialistic	Institute,	Dunavaska	89,	Požarevac,	Serbia;	2)	Faculty	of	Veterinary	medicine,	University	
of	Belgrade,	Serbia;	*	rogozdragan@gmail.com
Bulletin	UASVM	Veterinary	Medicine	71	(1)	/	2014,	193-197
Print	ISSN	1843-5270;		Electronic	ISSN	1843-5378
Abstract 
The	presence	of	a	large	amounts	of	saturated	fatty	acids	in	foods	(dairy	products,	fatty	meats)	and	
especially	LDL	cholesterol,	is	considered	as	one	of	the	main	causes	of	many	diseases	in	humans,	where	
cardio-vascular	diseases	 take	priority.	For	 these	reasons,	 in	 today’s	modern	society	 is	 increasing	 the	
intake	of	foods	that	contain	a	high	content	of	polyunsaturated	fatty	acids	(PUFA),	especially	omega-3	
fatty	acids,	because	it	has	been	clearly	proven	that	they	have	very	beneficial	effects	on	health.	The	aim	
of	 our	 experiment	was	 to	 investigate	whether	 the	 addition	of	 only	 3%	of	 extruded	 flaxseed	 (rich	 in	
n-3	PUFA)	in	the	pigs’	diet	during	the	last	12	weeks	of	the	final	fattening,	could	be	achieved	obtaining	
of	 large	amounts	of	n-3	 fatty	acids	 in	 raw	meat,	with	 improvement	of	mutual	 relations	between	n-3	
and	n-6	fatty	acids.	The	second	objective	was	to	examine	is	there	any	impact	of	this	modified	diet	on	
blood	count	and	biochemical	parameters	(enzymes:	AST,	ALT,	AP	and	total	amount	of	cholesterol	and	
its	individual	fractions	LDL	and	HDL,	triglycerides)	in	pigs’sera.	After	pigs	reached	body	weight	of	about	
60kg,	we	formed	groups	of	10	pigs	in	each	pen.	In	the	experimental	group,	feeding	of	pigs	was	based	on	
the	use	of	concentrated	feed	for	final	fattening	that	contained	3%	flax	seed	(at	the	expense	of	reduced	
amounts	of	soybean	meal).	The	control	group	was	fed	on	the	usual	way.	After	reaching	slaughter	weight	
of	110	kg,	pigs	were	sent	to	slaughter.	Based	on	physico-chemical	investigations	of	row	meat	samples	
(M.	quadriceps	and	M.	longissimusthoracis)	taken	from	slaughtered	animals	from	both	groups,	we	found	
a	statistically	significant	increase	in	the	quantity	of	n-3	fatty	acids	in	the	meat	of	experimental	animals	
compared	to	the	control	group.	Based	on	hematological	and	biochemical	tests,	we	found	an	increased	
level	of	“good”	HDL	cholesterol	in	the	experimental	animals’	sera.	
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INTRODUCTION
The	 initial	 investigations	 of	 the	 qualitative	
and	 quantitative	 presence	 of	 fatty	 acids	 were	
based	 on	 adipose	 tissue,	 because	 it	 contains	 the	
highest	amount	of	 fat	 in	 the	body.	Since	recently,	
greater	emphasis	is	placed	on	examining	fatty	acid	
composition	of	muscle	tissue	of	farm	animals	due	
to	 its	 greater	 importance	 as	 foods	 for	 humans.	
Daily	 use	 of	 the	 foodstuffs	 that	 contain	 omega-3	
fatty	acids	has	beneficial	effects	on	human	health.	
Results	 of	 numerous	 studies	 have	 shown	 that	
the	 incorporation	 of	 optimum	 amount	 of	 n-3	
polyunsaturated	 fatty	 acids	 (PUFAs)	 significantly	
reduces	 the	 risk	 of	 	 the	 heart	 and	 blood	 vessels	
diseases	 (Ruxton	 et al.,	 2004),	 cancer	 (Larsson	
et al.,	 2004;	 Connor,	 2000)	 and	 inflammatory	
diseases	(Calder	and	Grimble,	2002).
PUFAs	 are	 essential	 fatty	 acids	 that	 can’t	 be	
synthesized	 by	 the	 human	 body	 and	 should	 be	
entered	through	food.	For	these	reasons,	in	recent	
years	has	been	intensively	studying	of	possibilities	
for	use	of	products	of	animal	origin	as	a	primary	
means	 for	 providing	 these	 essential	 fatty	 acids.	
Nutritionists	 recommend	 a	 diet	 rich	 in	 n-3	 fatty	
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acids	 with	 more	 favorable	 relationship	 between	
n-6/n-3	PUFA	and	it	is	desirable	to	reduce	current	
ratio	 of	 15-20:1	 to	 1-4:1	 (Simopoulos,	 2002).	
Since	 neither	 animals,	 like	 humans,	 do	 not	 have	
the	 ability	 to	 synthesize	 n-3	 and	 n-6	 fatty	 acids,	
it	 means	 that	 changing	 of	 animal	 nutrition	 may	
influence	 the	 composition	 and	 relationship	 of	
fatty	 acids	 in	meat	 (Mourot	 and	Hermier,	 2001).	
In	 monogastric	 animals	 (such	 as	 pigs),	 this	 is	
relatively	 easily	 achieved	 since	 the	 fatty	 acids	
from	 food	 are	 absorbed	 intact	 from	 the	 small	
intestine,	after	which	trough	blood	stream	they	go	
to	all	 tissues	(muscle,	 fat,	 internal	organs)	 in	 the	
body	where	are	incorporated	(Nguyen	et al.,	2003	
Cunnane	et al.,	1990).	
The	best	way	to	achieve	this	goal	is	to	enrich	
the	 diet	 of	 pigs	 by	 adding	 fish	 oil	 (Irieand	 and	
Sakimoto,	 1992),	 sunflower	 oil	 	 (Sterling	 et al., 
1994),	 rapeseed	 (St.	 John	 et al.,	 1987),	 flaxseed	
oil	(Anderson	et al.,	1972)	or	flaxseed	(Raes	et al.,	
2004;	Kouba	et al.,	2003).
The	aim	of	our	study	was	to	investigate	fatty	
acid	composition	of	raw	meat	obtained	from	pigs	
that	had	enriched	diet	with	3%	 flaxseed	 (rich	 in	
n-3	 PUFA)	 during	 the	 last	 12	weeks	 of	 the	 final	
fattening.	 Also,	 we	 wanted	 to	 determinerelation	
between	 n-3	 and	 n-6	 fatty	 acids	 in	 pig	 meat	
obtained	after	 such	diet.	The	overall	 objective	of	
the	research	was	to	improve	the	nutritional	value	
of	pork	due	to	which	it	becomes	a	rich	source	of	
beneficial	n-3	fatty	acids.
MATERIALS AND METHODS
The	experiment	involved	100	pigs	(Landrace	
X	Yorkshire)	from	one	farm	of	commercial	type	in	
Serbia.	Body	weight	of	animals	at	the	start	of	the	
experiment	 was	 60	 ±	 4	 kg.	 All	 the	 animalswere	
produced	on-site	and	fed	the	same	background	diet	
prior	to	the	experiment.	Animals	were	divided	into	
groups	 according	 to	weight	 and	 sex,	 so	 that	was	
made		a	control	group	of	20	animals	(10	males,	10	
females)	and	the	experimental	group	of	80	animals	
(40	males-young	castrated	boars,	40	females).The	
pigs	were	kept	in	groups	of	10	fatteners.	Each	pen	
was	 equipped	with	 a	 feeder	 for	 10	 animals	 and	
5	 nipple	 drinkers.	 Pigs	 had	 ad	 libidum	access	 to	
food	and	water.	Diet	of	all	animals	was	based	on	
maize,	 barley	 and	 soybean	meal,	 but	 pigs	 in	 the	
experimental	 group	 had	 enriched	 diet	 with	 3%	
flaxseed,	which	compensated	the	same	amount	of	
soybean	meal.	Fattening	pigs’	diet	in	experimental	
and	control	groups	is	shown	in	Table	1.
After	 12	 weeks	 of	 starting	 the	 experiment,	
from	the	control	group	was	selected	a	total	of	10	
the	heaviest	animals	(5	males	and	5	females),	with	
mean	body	weight	of	108	kg	 (91	 to	127	kg)	and	
from	experimental	group	were	chosen	the	heaviest	
20	pigs	(10	males	and	10	females	)	with	average	
body	weight	of	110	kg	(96	to	127	kg).	All	pigs	were	
slaughtered	at	the	slaughterhouse	on	the	same	day.	
Just	before	the	slaughtering,	from	all	animals	was	
sampled	10	ml	of	blood	from	v.	cava	cranialis.	After	
slaughtering	and	cutting	carcasses,	were	sampled	
approximately	 400	 gr	 of	 M.	 longissimusthoracis	
and	 M.quadriceps.	 	 After	 proper	 packaging	 and	
labeling,	all	sampled	material	was	shipped	to	the	
laboratory	for	analysis	on	the	same	day.
After	 lipid	 extraction	 from	 meat	 samples,	 it	
was	determined	content	of	omega-3	and	omega-6	
fatty	acids	by	the	method	of	gas	chromatography	
-	 mass	 spectrometry	 GC-MS.	 In	 parallel	 with	
these	 studies,	 were	 performed	 hematological	
ana	lysis-blood	 count	 and	 biochemistry	 (were	
evaluated	 liver	 enzymes:	 AST,	 ALT,	 AP,	 total	 cho-
lesterol	and	its	individual	fractions	LDL	and	HDL,	
triglycerides).	 In	 aim	 to	 determine	 significant	
Tab. 1 Feedstuffscontents	(%)	in	thedietofpigs	from	experiment
FLAX	SEED	GROUP FEEDSTUFFS CONTROL	GROUP
3	% Extrudedflaxseed /
62	% Maize 62	%
17.5	% Barley 17.5	%
15	% Soybeanmeal 18	%
2.5	% Premix-	patent	co 2.5	%
100.00	% Total 100.00	%
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statistical	 differences	 of	 individual	 fatty	 acids	
in	 meat	 between	 experimental	 and	 control	
groups,	 we	 used	 Student’s	 t-test.	 For	 analysis	 of	
hematological	 and	 biochemical	 parameters	were	
applied	descriptive	statistical	analysis.
RESULTS AND DISCUSSION
The	results	obtained	in	our	experiment	show	
that	 after	 adding	 3%	of	 extruded	 linseed	 in	 diet	
during	 final	 fattening	 period,	 has	 been	 achieved	
a	 significant	 increase	 in	 the	 amount	 of	 omega-3	
fatty	acids	in	the	meat	of	the	experimental	group	
of	pigs.	The	ratio	between	n-6:n-3	from	the	initial	
18,25:1	has	been	reduced	to	5,53:1.	Table	2	shows	
the	amounts	of	examined	PUFAs	in	the	control	and	
experimental	group	of	pigs.
Based	on	 the	 literature	 it	 is	known	that	pigs	
have	 a	 relatively	 high	 concentration	 of	 linoleic	
acid	 (LA,	 C18:	 2n-6),	 the	 major	 PUFA,	 which	 is	
wholly	obtained	through	diet.	The	amount	of	these	
fatty	 acids	 in	 the	 tissues	 increases	 linearly	 with	
increasing	amounts	of	PUFA	which	had	been	taken	
through	food	(Wood	et al.,	2008).	This	is	confirmed	
by	 our	 results,	 because	 in	 control	 group	we	 had	
8.62	 ±	 0.6	 (mg/g)	 while	 in	 experimental	 group	
that	value	was	10.1	±	0.9	(mg/g),	considering	that	
these	animals	have	had	diet	with	a	rich	source	of	
essential	 fatty	 acids,	 flax	 seed.	 In	 contrast	 to	 the	
LA,	all	other	omega-6	fatty	acids	had	lower	values	
in	the	experimental	group	(Tab.	2).
The	 concentration	 of	 omega-3	 fatty	 acids,	
especially	 α-linolenicacid	 (ALA,	 18:3	 n-3)	 in	 the	
meat	 of	 animals	 of	 the	 experimental	 group	 was	
much	higher	(1.66	±	0.4	vs.	0.44	±	0.05).	Mammals	
have	a	limited	ability	to	form	long-chain	n-3	fatty	
acids	 with	 20	 and	 22	 carbon	 atoms	 (ETE,	 EPA	
and	 DHA)	 from	 ALA,	 which	 has	 18C.	 However,	
proportionally	with	increase	in	ALA,	there	was	an	
expected	increase	in	the	amount	of	its	derivatives	
(Tab.	2).
In	 our	 research	we	have	 conducted	 hemato-
logical	and	biochemical	tests	from	blood	and	sera	
of	 slaughtered	 animals,	with	 the	 aim	 to	 examine	
whether	there	are	differences	between	particular	
parameters	after	implementation	of	various	diets.	
The	obtained	values		are	shown	in	Tables	3	and	4.
Based	 on	 analysis	 of	 blood	 parameters	 we	
haven’t	 obtained	 significant	 differences	 p>0.05	
between	 these	 parameters	 (Tab.	 3).	 Biochemical	
analysis	 showed	 a	 statistically	 significant	 hi-
gher	 value	 (p	 <0.05)	 in	 concentrations	 of	 HDL	
cholesterol	 in	 experimental	 group	 of	 animals	
(1.88)	 compared	 to	 the	 same	 parameter	 in	 the	
control	group	(1.28)	(Tab.	4).
In	animals	from	the	experimental	group	hasn’t	
been	any	lag	in	terms	of	growth	and	also	were	not	
Tab. 2	Average	presence	(%)	of	individual	n-3	and	n-6	fatty	acids	in	the	carcasses	muscles	of	pigs	fed	on	usual	
way	or	with	the	addition	of	3%	flaxseed	(mean±SD)
PUFAs Control Flaxseed
Ω
	-	
3
ALA	18:3 0.44±0.05 1.66*±0.4
ETE	20:3 0.07±0.01 0.19±0.03
EPA	20:5 ND 0.04±0.01
DHA	22:6 ND 0.02±0.01
Ω
-	6
LA	18:2 8.62±0.6 10.1±0.9
GLA	18:3 0.04±0.01 0.02±0.01
DGLA	20:3 0.12±0.03 0.09±0.03
AA	20:4 0.53±0.09 0.35±0.1
∑	(n-3) 0.51±0.06 1.91±0.45
∑	(n-6) 9.31±0.73 10.56±1.04
Ratio	n-6	/	n-3 18.25	:	1 5.53	:	1
†	ND,	not	detected	(<0.02%	of	total	fatty	acids).
*P<0.01-	flax	compared	to	control	(Student’s	t-test).
196
Bulletin UASVM Veterinary Medicine 71 (1) / 2014
present	any	health	problems.	This	is	in	accordance	
with	several	other	studies	(Romans	et al.,	1995a,	
1995b;	Matthews	et al.,	2000a;	Juarez	et al.,	2010)	
which	 have	 proved	 that	 the	 use	 of	 flaxseed	 in	
the	 final	 stage	 of	 fattening	 don’t	 have	 a	 negative	
impact	on	animal	performance,	if	flaxseed	was	fed	
in	optimal	amount	over	a	specified	period	of	time.
With	the	aim	to	ensure	what	is	optimum	amount	
of	flax	in	feed	for	pigs	and	how	much	n-3	increases	
in	meat,	Romans	et al.	examined	the	effects	of	diet	
supplemented	with	5,	10,	or	15%	flaxseed	during	
25	 days	 prior	 to	 slaughter.	 They	 concluded	 that	
diet	must	contain	no	more	than	15%	of	flaxseed	to	
avoid	adverse	effects,	such	as	problems	related	to	
the	processing	of	pork	or	negative	impacts	on	the	
quality,	palatability	and	oxidative	stability	of	meat	
(Romans	 et al.,	 1995a	 ).The	 values	 	of	 n-3	 fatty	
acids	in	meat	(M.	longisimus	thoracis)	were	0.59,	
0.82	 and	 0.92	mg/g	 after	 feeding	with	 5,	 10,	 or	
15%	flaxseed	during	the	25	days	prior	to	slaughter.	
The	 same	 group	 of	 scientists	 in	 their	 second	
experiment	examined	values	for	n-3	in	accordance	
with	the	lengthof	diet	with	addition	15%	flaxseed	
during	7,	14,	21	and	28	days	and	obtained	results	
for	 n-3	 fatty	 acids	 in	 M.	 longissimus	 thoracis	
were	0.35,	0.48,	0.56	and	0.60	mg/g,	respectively	
(Romans	et al.,	1995b).Both	studies	indicate	that	
the	 content	 of	 n-3	 fatty	 acids	 in	 meat	 increases	
proportionally	 with	 increasing	 flaxseed	 in	 pigs’	
diet	and	also	as	longer	period	of	feeding,	there	is	
more	omega-3	in	meat.	In	contrary	to	the	Romans	
and	 associates	 who	 have	 examined	 meat	 fatty	
acids	 content	after	 flaxseed	enriched	diet	during	
a	 short	period,	another	group	of	 researchers	did	
a	similar	experiment,	but	in	a	much	longer	period	
of	time.	Juarez	et al.	(2010)	investigated	the	effect	
of	adding	5%,	10%	or	15%	flaxseed	 in	pigs’	diet	
during	4,	 8	 and	12	weeks	of	 final	 fattening.They	
found	 that	 increased	 amount	 of	 n-3	 fatty	 acids	
in	 back	 adipose	 tissue	 is	 achieved	 very	 quickly	
after	 short-term	enriched	diet	with	high	 content	
of	 flaxseed.	 That	 is	 in	 contrary	 with	 long-term	
flaxseed	enriched	diet	with	low	content	of	flaxseed,	
but	 still,	 such	 a	 diet	 provides	 more	 consistent	
enrichment	with	 tissue	 fatty	 acids	 (Juarez	 et al.,	
2010).	While	 this	 study	 did	 not	 include	 analysis	
of	muscle	 tissue,	 surely	 that	 obtained	 results	 for	
fat	 tissue	can	be	used	as	an	 indicator	of	changes	
in	 the	 fatty	 acid	 composition	 in	 skeletal	muscles	
(Beaulieu	et al.,	2007).
CONCLUSION
Based	 on	 our	 research	 we	 found	 that	 the	
addition	of	just	3%	flaxseed	in	the	pigs’	diet	during	
the	 last	 12	 weeks	 of	 fattening	 period,	 increases	
levels	 of	 omega-3	 fatty	 acids	 (especially	 ALA)	 in	
Tab. 3	Mean	parameters	values		of	white	and	red	blood	cells	of	control	and	experimental	groups
Parameters Control Experiment Parameters Control Experiment
WBC 17.04 18.54 RBC 8.39 8.25
NEU 30.62 32.48 HGB 152.60 154.00
LYM 57.00 57.94 HCT 0.47 0.47
MONO 1.66 1.90 MCV 54.80 56.60
EOS 3.24 3.04 MCH 18.16 18.52
BAS 0.78 0.76 MCHC 330.40 338.80
PLT 237.20 265.40
Tab. 4 Mean	values		of	the	investigated	enzymes,	cholesterol	and	triglycerides	of	control	and	experimental	groups
Tested
Parameters
AST ALT AP GGT LDH Holesterol
HDL-
Holesterol
LDL-
Holesterol Triglycerides
Control 68.94 67.92 137.8 39.82 1409.56 2.70 1.28 1.20 0.48
Experiment 61.94 72.44 140.82 38.78 1444.36 3.08 1.88* 1.19 0.38
*p<0,05	–	experiment	compared	to	the	control
ROGOŽARSKI	et al
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M.	 longissimus	 thoracis	 and	M.	 quadriceps.	 This	
diet	don’t	have	bad	effects	on	health	status,	weight	
gain,	 food	 intake	 and	 feed	 conversion.	 From	 the	
nutritional	 point	 of	 view,	 our	 study	 confirms	
that	a	diet	enriched	with	extruded	flaxseed	helps	
achievement	of	healthier	meat	with	an	 improved	
of	omega-6/omega-3	ratio	which	 is	very	close	 to	
the	ideal	ratio	of	4:1.
Our	recommendation	 is	 that	 this	diet	should	
be	introduced	into	everyday	use	in	industrial	type	
farms	in	Serbia,	as	omega-3	enriched	pork	can	find	
the	way	to	specialized	markets,	with	getting	better	
prices	for	such	products.
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